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INTRODUCTION
Immunocytochemistry. Endothelial cells were fixed with 2% paraformaldehyde for 20 min, permeabilized with 1% Triton X-100, blocked with 5% goat serum, and stained with specific antibody against caveolin-1 or other signaling molecules. Bound primary antibodies were detected using fluorescein-or rhodamine-conjugated secondary antibodies. The immunostained cells were mounted in the presence of Slow-Fade reagent. Immunostaining was visualized and photographed using a Zeiss LSM 510 confocal microscope.
Immunoblot analysis. Proteins of the subcellular fractions were solubilized with SDS-sample buffer containing 0.125 M Tris-HCl (pH 6.8), 5% (w/v) SDS, 2.5% (v/v) β-mercaptoethanol, 5% glycerol in double distilled water. After boiling for 4 min, proteins were separated by SDS-PAGE (5-15% gradient gels) and electro-transferred to a nitrocellulose membrane for immunoblotting using enhanced chemiluminescence (ECL).
Transmission electron microscopy. Endothelial cells were either sparsely seeded onto gelatincoated plates for 1 hour or seeded near confluence, scratched multiply with a 200 µl pipette tip, and incubated to allow cell migration. The cells were then fixed with 2.5% glutaraldehyde in 0.1M phosphate buffer and scraped into a microcentrifuge tube. The cells were pelleted and post-fixed with osmium tetroxide. After fixation, cells were infiltrated with a propylene oxide/epon mixture and stained with uranyl acetate and lead citrate. Thin sections of samples were examined under a JEOL 1220 transmission electron microscope. On randomly taken photographs, the number of caveolae at the leading edge and the cell center of spreading cells or at the leading edge and the cell posterior of migrating cells was determined.
RESULTS

Caveolin-1 is located at the rear of migrating cells
Previous studies have shown that caveolin-1 displays polarization in migrating cells. For instance, caveolin-1 accumulated at the trailing edge of scratch-induced migrating BAECs or shear stress-stimulated BAECs (15,16). On the other hand, caveolin-1 was concentrated at the leading edge of FGF-stimulated migrating BAECs (16). To assess whether the discrepancy of caveolin-1 polarization resulted from chemotactic gradient, we employed two kinds of cell migration systems: chemokinesis to measure random walk using monolayer denudation (also termed scratch motility assay) and chemotaxis to measure directional movement using the Dunn chamber. Sixhours after scraping, endothelial cells began to migrate into the wound gap. The closure of wound gaps took about 24-hours. Immunofluorescent staining with a specific antibody against caveolin-1 showed that the majority of caveolin-1 was located at the rear of most moving cells (green arrowheads, b,c in Figure 1 ) opposite the lamellipodium of the leading edge (green arrows, Figure   1c ). Similarly, when cells were exposed to a linear gradient of VEGF, caveolin-1 was concentrated at the rear or trailing edge of moving cells (green arrowheads, Figure 1d ). These results indicate that caveolin-1 polarization at the cell posterior is a common feature of both directional and random movements.
Mutual exclusion between caveolin-1 and focal contacts at the leading edge
The migration-activated posterior relocation of caveolin-1 is intriguing and suggests that when cells are stimulated to migrate, caveolin-1 (along with caveolae; see Figure 3 ) moves to the rear of the migrating cell as a mechanism to sequester it away from signaling proteins that direct cell motility at the leading edge. Here, we focused on nascent focal adhesions at the leading edge revealed by immunostaining with specific antibody against integrin β1 and FAK. Human umbilical vein endothelial cells were seeded on fibronectin-coated coverslips. Within one-hour after seeding, most cells spread radially. As shown in Figure 2 , caveolin-1 was localized compactly in the center of the spreading cells (a,g in Figure 2 ), and was excluded from nascent focal contacts along the circular lamellipodium revealed by FAK or integrin β1 staining (b,h in Figure 2 ). After incubation for several hours, focal contacts appeared in the polarized lamellipodia at the leading edge of migrating cells (e,k in Figure 2 ). Caveolin-1 signal was now relocated at the rear of most moving cells (d,j in Figure 2 ). These data confirm that caveolin-1 moves to the opposite pole of a migrating cell, compared to FAK and β1 integrin at the leading edge.
13 study demonstrating a reduced infiltration of blood vessels into FGF-supplemented Matrigel plugs in caveolin-1 knockout mice (42). In the same mice, tumor weight, volume and blood vessel density are reduced due to lack of caveolin-1 and caveolae (42). 
